[Title of the Invention] Method of manufacturing a semiconductor 

device 
[Abstract ] 
[Object] 

To provide a method of manufacturing a semiconductor device 
which has achieved a reduction of number of manufacturing 
steps. 

[Means for solving the problems] 

A method of manufacturing a semiconductor device 
constituting DMOS transistors and MOS transistors of logic 
type in one semiconductor device characterized by including 
the steps of: forming gate electrodes constituting the DMOS 
transistors and the MOS transistors of logic type, with a same 
film (for example, polysilicon film 18) resistant to the high- 
temperature heat treatment at about 1050 °C or more; and self- 
aligningly forming a titanium silicide film 36 on the 
polysilicon film 18. 

[Claims ] 

[Claim 1] A method of manufacturing a semiconductor device 
including a first MOS transistor and a second MOS transistor 
of a withstanding voltage lower than that of the first MOS 
transistor, wherein gate electrodes, which constitute the 
respective first and second MOS transistors, are formed of a 
same film resistant to a high- temperature heat treatment at 
approximately 1050 °C or more. 

[Claim 2] A method of manufacturing a semiconductor device 
including a first MOS transistor and a second MOS transistor 
of a withstanding voltage lower than that of the first MOS 
transistor, wherein gate electrodes, which constitute the 
respective first and second MOS transistors, are formed of a 
same film resistant to a high- temperature heat treatment at 
approximately 1050 °C or more; and a silicide film is self- 
aligningly formed on the film. 

[Claim 3] The method of manufacturing a semiconductor device 
according to any one of claims 1 and 2, wherein the first MOS 
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transistor is a DMOS transistor and the second MOS transistor 
is a MOS transistor of logic type. 

[Claim 4] The method of manufacturing a semiconductor device 
according to any one of claims 1 and 2, wherein the same film 
is a polysilicon film; and the silicide film is a silicide 
film obtained by alloying after forming metal on a polysilicon 
film. 

[Claim 5] A method of manufacturing a semiconductor device, 
comprising the steps of; 

in a semiconductor layer of one conductivity type, 
forming a first low-concentration diffusion layer of an 
opposite conductivity type for a first MOS transistor, then 
forming an element isolation film for separating the first MOS 
transistor and a second MOS transistor by a LOCOS process, and 
forming a first gate oxide film for dividing the low- 
concentration diffusion layer; 

forming a second gate oxide film in a region except the 
element isolation film and the first gate oxide film; 

forming a second low- concentration diffusion layer of the 
opposite conductivity type by ion- implanting impurities of the 
one conductivity type into the low-concentration layer using 
as a mask a resist film with an opening on one side of the 
low-concentration diffusion layer separated with the first 
gate oxide film interposed therebetween; 

forming a third gate oxide film for the second MOS 
transistor after removing the second gate oxide film on the 
formation region of the second MOS transistor; 

forming a conductive film over an entire surface, and 
then forming a first gate electrode for the first MOS 
transistor across the first gate oxide film and the second 
gate oxide film by patterning the conductive film; 

forming a diffusion layer of the one conductivity type by 
ion- implanting impurities of the one conductivity type into 
the second low- concentration diffusion layer such that the 
diffusion layer is adjacent to the first gate electrode; 
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forming a second gate electrode for the second MOS 
transistor by patterning the conductive film on the formation 
region of the second MOS transistors- 
forming third low-concentration diffusion layers of the 
opposite conductivity type by ion- implanting impurities of the 
opposite conductivity type using the first and the second gate 
electrodes as masks such that each of the third low- 
concentration diffusion layers is adjacent to one of the first 
and the second gate electrodes; and 

forming sidewall insulation films in sidewall portions of 
the first and the second gate electrodes, and then forming 
high-concentration diffusion layers of the opposite 
conductivity type by ion- implanting impurities of the opposite 
conductivity type using the first and the second gate 
electrodes and the sidewall insulation film as masks such that 
each of the high-concentration diffusion layers is adjacent to 
one of the sidewall insulation films. 

[Claim 6] A method of manufacturing a semiconductor device, 
comprising the steps of; 

in a semiconductor layer of one conductivity type, 
forming a first low-concentration diffusion layer of an 
opposite conductivity type for a first MOS transistor, then 
forming an element isolation film for separating the first MOS 
transistor and a second MOS transistor by a LOCOS process, and 
forming a first gate oxide film for dividing the low- 
concentration diffusion layer; 

forming a second gate oxide film in a region except the 
element isolation film and the first gate oxide film; 

forming a second low-concentration diffusion layer of the 
opposite conductivity type by ion- implanting impurities of the 
one conductivity type into the low-concentration layer using 
as a mask a resist film with an opening on one side of the 
low-concentration diffusion layer separated with the first 
gate oxide film interposed therebetween; 



3 



forming a third gate oxide film for the second MOS 
transistor after removing the second gate oxide film on the 
formation region of the second MOS transistor; 

forming a conductive film over an entire surface, and 
then forming a first gate electrode for the first MOS 
transistor across the first gate oxide film and the second 
gate oxide film by patterning the conductive film; 

forming a diffusion layer of the one conductivity type by 
ion- implanting impurities of the one conductivity type into 
the second low-concentration diffusion layer such that the 
diffusion layer is adjacent to the first gate electrode; 

forming a second gate electrode for the second MOS 
transistor by patterning the conductive film on the formation 
region of the second MOS transistor; 

forming third low-concentration diffusion layers of the 
opposite conductivity type by ion-implanting impurities of the 
opposite conductivity type using the first and the second gate 
electrodes as masks such that each of the third low- 
concentration diffusion layers is adjacent to one of the first 
and the second gate electrodes; 

forming sidewall insulation films in sidewall portions of 
the first and the second gate electrodes, and then forming 
high-concentration diffusion layers of the opposite 
conductivity type by ion-implanting impurities of the opposite 
conductivity type using the first and the second gate 
electrodes and the sidewall insulation film as masks such that 
each of the high-concentration diffusion layers is adjacent to 
one of the sidewall insulation films; and 

forming a metallic film over an entire surface, and then 
self -aligningly forming silicide films on the first and the 
second gate electrodes and the high-concentration diffusion 
layers by a heat treatment of the metallic film. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 
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The present invention relates to a method of manufacturing a 
semiconductor device, and specifically, relates to a 
technology of reducing the number of manufacturing steps in 
forming various MOS transistors in one semiconductor substrate, 
for example, the MOS transistors constituting a driver for 
driving liquid crystal. 
[0002] 

[Conventional Art] 

A description will be made below for a conventional method 
of manufacturing a semiconductor device with reference to the 
drawings. Here, a driver for driving liquid crystal includes 
an n-channel MOS transistor and a p-channel MOS transistor of 
logic type (for example, 3 V) , an n-channel MOS transistor and 
a p-channel MOS transistor of high withstanding voltage (for 
example, 30 V), an n-channel double diffused MOS (DMOS) 
transistor, a p-channel DMOS transistor, and an n-channel MOS 
transistor for a level shifter (for example, 30 V). 
[0003] 

In a semiconductor device including various MOS transistors 
as described above, for gate electrodes of the various 
elements such as the n-channel MOS transistor and the p- 
channel MOS transistor of high withstanding voltage, the n- 
channel DMOS transistor, the p-channel DMOS transistor and the 
n-channel MOS transistor for a level shifter, a polysilicon 
film is employed. For gate electrodes of the other elements 
requiring speed such as the n-channel MOS transistor and the 
p-channel MOS transistor of logic type, a tungsten silicide 
(WSix) film is laminated on a polysilicon film, thus reducing 
resistance thereof - 
[0004] 

A method of manufacturing such a semiconductor device will 
be described with reference to the drawings. As shown in FIG. 
11(a), a gate electrode 54 is formed in a region other than an 
element isolation film 52, which is formed by a LOCOS process 
on a semiconductor substrate 51 with a thic3c gate oxide film 
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53 for high withstanding voltage interposed therebetween. A 
TEOS film 55 is formed so as to cover the gate electrode 54. 
[0005] 

From this state, as shown in FIG. 11(b), a resist film 56 is 
formed so as to cover the gate electrode 54. Using the resist 
film 56 as a mask, the gate oxide film 53 in a formation 
region of the MOS transistor of logic type is removed. 
[0006] 

Subsequently, as shown in FIG. 12(a), a polysilicon film 57, 
a tungsten silicide (WSix) film 58, and a TEOS film 59 are 
formed over the entire surface. In a state where a resist 
film 60 is formed in the formation region of the MOS 
transistor of logic type, using the resist film 60 as a mas]c, 
the TEOS film 59 is subjected to overall (anisotropic) etching 
to be removed as shown in FIG. 12(b). Here, the reference 
numeral 59A indicates a hard mask in forming the gate 
electrode of the MOS transistor of logic type in the later 
step. The reference numeral 59B indicates a layer of a 
residual film of the TEOS film 59, which is originally 
unnecessary. 
[0007] 

Furthermore, the polysilicon film 57 and the tungsten 
silicide (WSix) film 58 are patterned using the resist film 60 
and the hard mask 59A as masks to form a gate electrode of the 
MOS transistor of logic type. 
[0008] 

At this time, as shown in FIG. 13, the residual film layer 
59B serves as the mask, and the tungsten silicide (WSix) film 
58A and the poly silicon film 57A under the layer 59B remain. 
In a case where a metallic film is wired on an interlayer 
insulation film thereon, a short circuit failure is caused 
between metals . 
[0009] 

[Problems to be Solved by the Invention] 

As described above, the various MOS transistors constituting 
the conventional driver for driving liquid crystal include the 
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gate electrodes made of different materials. Accordingly, in 
sidewall portions of the gate electrode of the DMOS transistor 
or the MOS transistor of high withstanding voltage, which are 
formed of a single layer of the polysilicon film, for example, 
part of the tungsten silicide (WSix) film sometimes remains in 
a state of a sidewall spacer film. Therefore, another step of 
removing the residual film was required. 
[0010] 

The MOS transistor of high withstanding voltage and the 
microscopic MOS transistor of logic type are different from 
each other in thickness of the gate oxide films. Accordingly, 
separate ion- implantation steps were required for forming a 
source/drain layer of the DMOS transistor or the MOS 
transistor of high withstanding voltage, and forming a 
source/drain layer of the microscopic MOS transistor. 
[0011] 

In the above described constitution, it is conceived that 
the above problems does not occur if all of the gate 
electrodes are formed of a polycide structure. However, at 
the time, it was difficult to employ the polycide structure in 
the DMOS transistor because of problems to be described below. 
[0012] 

Specifically, a description will be made with secondary 
reference to FIG. 6(b). In the DMOS process, a p-type body 
layer (PB20) and an n-type body layer (NB21) are self- 
aligningly formed by ion-implantation using gate electrodes 
18F and 18G as a mask for the p-type body layer and the n-type 
body layer, respectively. The DMOS process includes a 
diffusion step for the p-type body layer and the n-type body 
layer after the ion implantation. Here, the source/drain 
layers of the transistor of high withstanding voltage and the 
DMOS transistor need to have a diffusion depth of about 1 \im 
so that a withstanding voltage becomes 30 V or higher. In 
this diffusion process, a high- temperature heat treatment is 
applied at 1050 °C or more. At this time, in a case where the 
gate electrodes are f oirmed of the polycide structure , stress 
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due to heat is applied to the tungsten silicide (WSix) film, 
and the device characteristic may sometimes be deteriorated.- 
Accordingly, the polycide structure could not be employed in 
the DMOS transistor like the above described one. The stress 
(expansion coefficient) of the tungsten silicide (WSix) film 
due to heat is about 6.3x10"^ /**C, and the stress (expansion 
coefficient) of the polysilicon film due to heat is about 2x10" 
^ /°C. Since the thermal expansion coefficient of the tungsten 
silicide (WSix) film is about three times larger than that of 
the polysilicon film, an effect thereof was large. 
[0013] 

[Means for solving the problem] 

A method of manufacturing a semiconductor device according 
to the present invention is made in the light of the above 
problems. As shown in FIGs. 10(a) and 10(b), in a method of 
forming DMOS transistors and MOS transistors of logic type in 
one semiconductor device, the method is characterized by 
including the steps of : forming gate electrodes constituting 
the DMOS transistors and the MOS transistors of logic type, 
with a same film (for example, polysilicon film 18) resistant 
to the high- temperature heat treatment at about 1050 °C or 
more; and self -aligningly forming a titanium silicide film 36 
on each of the gate electrodes 18A, 18B, 18C, 18D, 18E, 18F 
and 18G made of the polysilicon film 18. 
[0014] 

[Embodiments of the present invention] 

A description will be made below for an embodiment according 
to a method of manufacturing a semiconductor of the present 
invention with reference to the drawings. 
[0015] 

Here, FIGs. 10(a) and 10(b) show a semiconductor device of 
the present invention, that is, a driver for driving liquid 
crystal. As shown from the left in FIG. 10(a), the 

semiconductor device is constituted of an n-channel MOS 
transistor and a p-channel MOS transistor of logic type (for 

eACLllip-I.C , «3 V j , CLil n-OliaiinC J. 1*100 l.XCLnC>JL&>l.VdrX J-KJX. a ±eVCL blAJUJ. I.OJ. 
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(for example, 30 V), and an n-channel MOS transistor of high 
withstanding voltage (for example, 30 V), and as shown from 
the left in FIG. 10(b), further constituted of a p-channel MOS 
transistor of high withstanding voltage (for example, 30 V), 
an n-channel DMOS transistor, and a p-channel DMOS transistor. 
[0016] 

A description will be made below for a method of 
manufacturing various MOS transistors constituting the above 
described driver for driving liquid crystal. 
[0017] 

First, in FIGs. 1(a) and 1(b), in order to decide regions 
for forming the various MOS transistors, for example, p well 3 
and n wells 5 are formed in a p-type semiconductor substrate 1. 
[0018] 

Specifically, in a state where each of formation regions of 
the n wells of the substrate 1 is covered with a not -shown 
resist film via a pad oxide film 2 of about 500 A, boron ions, 
for example, are ion- implanted at an acceleration voltage of 
about 60 KeV under an implantation condition of 4xl0^^ /cm^. 
Thereafter, as shown in FIGs. 1(a) and 1(b), in a state where 
each of the p well 3 is covered with a resist film 4, for 
example, phosphorous ions are ion-implanted at an acceleration 
voltage of about 160 KeV under an implantation condition of 
6x10^^ /cm^. Actually, each ionic species ion-implanted as 
previously described is thermally diffused, for example, under 
Na atmosphere at 1150 °C for four hours to form the p well 3 
and the n wells 5 . 
[0019] 

Subsequently, in FIGs. 2(a) and 2(b), p-type and n-type 
source/drain layers of low concentration (hereinafter, 
referred to as LP layers 8 and LN layers 9) are formed. 
[0020] 

Specifically, in a state where the pad oxide film 2 on each 
of LN layer formation regions of the substrate is covered with 
a not-shown resist film, boron ions, for example, are ion- 
implanted into the substrate surface layer at an acceleration 
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voltage of about 80 KeV under an Implantation condition of 
8x10^^ /cm^ to form the LP layers 8. Thereafter, in a state 
where each of the LP layers 8 is covered with a not -shown 
resist film, phosphorous ions, for example, are ion-implanted 
into the substrate surface layer at an acceleration voltage of 
about 50 KeV under the implantation condition of 4xio^^ /orv? to 
form the LN layers 9. Actually, each ionic species ion- 
implanted as previously described is thermally diffused under 
N2 atmosphere at 1100 °C for two hours to form the LP layers 8 
and the LN layers 9 . 
[0021] 

Subsequently, in FIGs . 3(a) and 3(b), in order to isolate 
the elements for each MOS transistor, element isolation films 
11 and selection oxide films llA (corresponding to first gate 
oxide films and constituting gate oxide films for the n- 
channel and p-channel DMOS transistors integrally with second 
gate oxide films 12 described later) with a thickness of about 
6000 A are formed by the LOCOS process. On active regions 
other than the element isolation films 11 and the selection 
oxide films llA, thick gate oxide films 12 (corresponding to 
the second gate oxide films) for high withstanding voltage 
with a thickness of about 800 A are formed by thermal 
oxidation. 
[0022] 

Furthermore, in FIGs. 4(a) and 4(b), in order to adjust 
diffusion depth on a source region side of each of the LP 
layers 8 and the LN layers 9 of the n-channel and p-channel 
DMOS transistors, impurities of the opposite conductivity type 
are ion-implanted using a resist film as a mask. Here, the 
shallow diffusion depth is for preventing punch through upon 
application of high voltage to the drain and for increasing 
concentration of an SLP layer 8A and an SLN layer 9 A to reduce 
parasitic resistance. FIGs. 4(a) and 4(b) exemplify a state 
where, for example, boron ions are ion-implanted into the LN 
layers 9 at an acceleration voltage of about 240 KeV under an 
implantation condition of 2x10"^^ /cm^ using a resist film 14. 
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[0023] 

Subsequently, in FIGs. 5(a) and 5(b), after the gate oxide 
films 12 on the formation regions of the n-channel and p- 
channel MOS transistors for normal withstanding voltage and 
the formation region of the n-channel MOS transistor for a 
level shifter are removed. new gate oxide films of 
predetermined thickness are formed on the above regions. 
[0024] 

Specifically, first, for the n-channel MOS transistor for a 
level shifter, a gate oxide film 16 with a thickness of about 
140 A (at this stage, the thickness is about 100 A, but is 
increased in formation of a gate oxide film for normal 
withstanding voltage to be described later) is formed over the 
entire surface by thermal oxidation. Subsequently, after the 
gate oxide film 16 of the n-channel MOS transistor for a level 
shifter formed on each of the formation regions of the n- 
channel and p-channel MOS transistors for normal withstanding 
voltage is removed, thin gate oxide films 17 (about 70 A) for 
normal withstanding voltage are formed on the above regions by 
thermal oxidation . 
[0025] 

Subsequently, in FIGs. 6(a) and 6(b), a polysilicon film 18 
of about 1000 A is formed over the entire surface. The 
polysilicon film 18 is made conductive by thermal diffusion 
using POCI3 as a source of thermal diffusion, and then the 
polysilicon 18 is patterned to form gate electrodes 18D, 18E, 
18F and 18G (serving as masks for ion implantation in forming 
body layers of the DMOS transistors to be described below) of 
the n-channel and p-channel MOS transistors for high 
withstanding voltage and the n-channel and p-channel DMOS 
transistors, respectively. Simultaneously, the polysilicon 
film 18 remains on the formation regions of the n-channel and 
p-channel MOS transistors for normal withstanding voltage and 
the formation region of the n-channel MOS transistor for a 
level shifter. 

r o /% o ^ 1 
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It is set that over etching is carried out and the gate 
oxide films 12 are removed by etching at this time, except 
parts under the gate electrodes 18D, 18E, 18F and 18G. 
[0027] 

A not-shown thin TEOS film (about 200 A) is formed over the 
entire surface. Into each of the formation regions of the 
source layers of the n-channel and p-channel DMOS transistors, 
impurities of the opposite conductivity type are ion- implanted 
using a resist film to form impurity layer (p-type body layer 
20 and n-type body layer 21) of the opposite conductivity type 
in the above part as shown in FIG. 6(b). The above described 
TEOS film is for suppressing damage to the substrate surface 
in the ion- implantation step. For example, in patterning the 
gate electrodes 18D, 18E, 18F and 18G, if it is set that parts 
of the gate oxide films 12 are not completely removed by 
etching, except parts under the gate electrodes 18D, 18E, 18F 
and 18G, it is unnecessary to form the TEOS film. 
[0028] 

Specifically, first, using a first resist film with an 
opening on the formation region of the source layer of the n- 
channel DMOS transistor, for example, boron ions are ion- 
implanted into the LN layer 9A at an acceleration voltage of 
about 40 KeV under an implantation condition of 5x10^^ /cm^ to 
form the p-type body layer 20. Using a second resist film 
with an opening on the formation region of the source layer of 
the p-channel DMOS transistor, phosphorus ions are ion- 
implanted into the LP layer 8A at an acceleration voltage of 
about 100 KeV under an implantation condition of 8xio^^ /cm^ to 
form the n-type body layer 21. Actually, each ion species 
ion-implanted as previously described is thermally diffused to 
form the p-type body layer 20 and the n-type body layer 21. 
[0029] 

Here, in this diffusion step, the high- temperature heat 
treatment of about 1050 or more is applied. However, since 
the gate electrode is formed of a polysilicon film, the effect 

c ^ ^ J ^ ■u.^mJ. / ^ ^ ^ ^ ^ ^ xz x: ^ ^ ^ ^^x. o w 1 
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/°C) is small, and the device characteristic is not 

deteriorated . 

[0030] 

Furthermore, a second p well 23 and a second n well 24 are 
formed in the substrate (p well 3), in the formation regions 
of the n-channel and p-channel MOS transistors for normal 
withstanding voltage. 
[0031] 

Specifically, using a not-shown resist film with an opening 
on the formation region of the n-channel MOS transistor of 
normal withstanding voltage as a mas]c, for example, boron ions 
are ion- implanted into the p well 3 at an acceleration voltage 
of about 240 KeV under an implantation condition of 2xlo^^ /cm^ 
so as to penetrate the polysilicon film 18, thus forming the 
second p well 23. Using a not-shown resist film with an 
opening on the formation region of the p-channel MOS 
transistor of normal withstanding voltage as a mask, for 
example, phosphorus ions are ion-implanted into the p well 3 
at an acceleration voltage of about 550 KeV under an 
implantation condition of 2xio^^ /cm^ so as to penetrate the 
polysilicon film 18, thus forming the second n well 24. The 
polysilicon film 18 is left in a state of the time when the 
film is formed, without being patterned for the gate electrode. 
Accordingly, each of the second p well 23 and the second n 
well 24 can be formed in a uniform depth. 
[0032] 

Subsequently, in FIGs. 7(a) and 7(b), the polysilicon film 
18 is patterned to form gate electrodes 18A, 18B and 18C for 
the n-channel and p-channel MOS transistors for normal 
withstanding voltage and the n-channel MOS transistor for a 
level shifter. Here, each of the above described gate 
electrodes 18D, 18E, 18F and 18G and the selection oxide film 
llA needs to be covered with a not -shown resist film. Also in 
this case, it is set that over etching is carried out and the 
gate oxide films 16 and 17 are removed by etching, except 

^ _ _x. ^ J j-Wm ~ ~ J- ^ — ^ J3 10-H ion -10/-^ 
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[0033] 

Furthermore, in FIGs. 8(a) and 8(b), after TEOS films 27 of 
about 200 A are formed on the gate electrodes 18A, 18B, 18C, 
18D, 18E, 18F and 18G and the substrate, using the gate 
electrodes 18A, 18B, 18C, 18D, 18E, 18F and 18G and a not- 
shown resist film as masks, impurities of each conductivity 
type are ion- implanted to form a source /drain layer of low 
concentration for each MOS transistor. 
[0034] 

Specifically, using as a mask a not-shown resist film with 
openings on the respective formation regions of the low- 
concentration source/drain layers of the n-channel MOS 
transistor for normal withstanding voltage, the n-channel MOS 
transistor for a level shifter, the n-channel MOS transistor 
for high withstanding voltage, and the n-channel DMOS 
transistor, for example, phosphorus ions are ion- implanted at 
an acceleration voltage of about 20 KeV under an implantation 
condition of 5x10^^ /cm^ to form n- type source/drain layers 25 
of low concentration. Using as a mask a not -shown resist film 
with openings on the respective formation regions of the low- 
concentration source/drain layers of the p-channel MOS 
transistor for normal withstanding voltage, the p-channel MOS 
transistor for high withstanding voltage, and the p-channel 
DMOS transistor, for example, boron difluoride ions are ion- 
implanted at an acceleration voltage of about 20 KeV under an 
implantation condition of 3x10^^ /cm^ to form p+ type 
source/drain layers 26 of low concentration. The ion 

implantation is activated by lamp annealing under N2 atmosphere 
at about 900°C for 10 seconds. 
[0035] 

Furthermore, in FIGs. 8(a) and 8(b), a TEOS film 28 of about 
2500 A is formed over the entire surface by an LPCVD process 
so as to cover the gate electrodes 18A, 18B, 18C, 18D, 18E, 
18F and 18G. After resist films 29 are formed so as to cover 
part of or the entire of the surface of each gate electrode 
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and 18B, the TEOS film 28 is anisotropically etched using the 
resist films 29 as a mask. As shown in FIGs . 9(a) and 9(b), 
sidewall spacer films 28A are thereby formed in both sidewall 
portions of each of the gate electrodes 18A and 18B, and in a 
sidewall portion on one side (source layer side) of each of 
the gate electrodes 18C, 18F and 18G. In the regions covered 
with the resist films 29, the TEOS film 28 remains intact. At 
this time, the low- concentration ion-implanted layer of the 
high withstanding voltage section is not affected by etching 
damage since the TEOS film remains thereon. Also, a surface 
of the polysilicon film to be formation regions of a salicide 
film to be described later is exposed. 
[0036] 

In FIGs. 9(a) and 9(b), into the formation region of each 
MOS transistor, impurities of each conductivity type are ion- 
implanted using the sidewall spacer films 28A and the TEOS 
film 28 as masks to form a high-concentration source/drain 
layer for each MOS transistor. 
[0037] 

Specifically, using as a mask a not-shown resist film with 
openings on the respective formation regions of the high- 
concentration source/drain layers of the n-channel MOS 
transistor for normal withstanding voltage, the n-channel MOS 
transistor for a level shifter, the n-channel MOS transistor 
for high withstanding voltage, and the n-channel DMOS 
transistor, for example, arsenic ions are ion-implanted at an 
acceleration voltage of about 70 KeV under an implantation 
condition of SxlO"*^^ /cm^ to form n+ type source /drain layers 30 
of high concentration. Using as a mask a not-shown resist 
film with openings on the respective formation regions of the 
high-concentration source/drain layers of the p-channel MOS 
transistor for normal withstanding voltage, the p-channel MOS 
transistor for high withstanding voltage, and the p-channel 
DMOS transistor, for example, boron difluoride ions are ion- 
implanted at an acceleration voltage of about 40 KeV under an 
^.m^jLciii CO. uXv^ii f^uiiuj. I- j.on Kjx. tAjLu / (^m LCI j.Oxm p-r ^ype 
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source/drain layers 31 of high concentration. The ion- 
implantation is activated by lamp annealing under N2 atmosphere 
at about 900 °C for 10 seconds in the same manner as the above 
described step. 
[0038] 

Here, since the source/drain layers 25, 26, 30 and 31 are 
subjected to the ion implantation via the TEOS films 27, the 
source/drain layers 25, 26, 30 and 31 are formed in a same 
step, thus reducing the number of manufacturing steps. 
[0039] 

The reference numerals 33 and 34 indicate p-type diffusion 
layer and n-type diffusion layer for taking out electric 
potentials of the p-type body layer 20 and the n-type body 
layer 21, respectively. The p-type diffusion layer 33 and the 
n-type diffusion layer 34 may be either formed in the same 
step as the above described step of forming the p+ type and n+ 
type source/drain layers 30 and 31 of high concentration or 
formed in a different step therefrom. 
[0040] 

Furthermore, in FIGs . 10(a) and (b), using the TEOS films 28 
and 28A as a protection film, silicide films are formed on the 
upper surfaces of the p+ type and n+ type source/drain layers 
30 and 31 of high concentration, and the upper surfaces of the 
gate electrodes 18A, 18B, 18C, 18D, 18E, 18F and 18G. 
[0041] 

Specifically, the TEOS films 27 are removed by overall 
etching. For example, a titanium film of about 300 A is 
formed, and then the titanium film is subjected to lamp 
annealing to form titanium silicide {TiSi2) films 36 on the p+ 
type and n+ type source/drain layers 30 and 31 of high 
concentration and the gate electrodes 18A, 18B, 18C, 18D, 18E, 
18F and 18G. Subsequently, unreacted titanium film is removed. 
In the embodiment, for example, the unreacted titaniiim film is 
removed by use of a mixture of ammonium hydroxide , hydrogen 
peroxide, and water. 

r /\ f\ A ^ t 
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Hereinafter, a description with reference to drawings is 
omitted. After an interlayer insulation film of about 6000 A, 
composed of a TEOS film, a BPSG film, and the like, is formed 
over the entire surface, a metal wiring layer in contact with 
each of the source/drain layer 30 and 31 of high concentration 
is formed, thus completing the n-channel MOS transistor and 
the p-channel MOS transistor for normal withstanding voltage, 
the n-channel MOS transistor for a level shifter, the n- 
channel MOS transistor and the p-channel MOS transistor for 
high withstanding voltage, the n-channel DMOS transistor and 
the p-channel DMOS transistor, which constitute the driver for 
driving liquid crystal. 
[0043] 

As described above, in the present invention, the gate 
electrodes of the n-channel MOS transistor and the p-channel 
MOS transistor for normal withstanding voltage, the n-channel 
MOS transistor for a level shifter, the n-channel MOS 
transistor and the p-channel MOS transistor for high 
withstanding voltage, the n-channel DMOS transistor and the p- 
channel DMOS transistor, which constitute the driver for 
driving liquid crystal, can be formed of the same material 
(polysilicon film, or laminated film of polysilicon film and 
titanium silicide film) . Accordingly, it is unnecessary to 
form the gate electrodes of different materials (a single 
layer film of a polysilicon film and the laminated film of a 
polysilicon film and a tungsten silicide film) furthermore in 
different steps unlike the conventional one. This eliminates 
the disadvantage that , in forming the gate electrode of the 
MOS transistor of normal withstanding voltage of logic type by 
patterning in the sidewall portion of the polysilicon film 
constituting the gate electrode of the MOS transistor for high 
withstanding voltage, the tungsten silicide film and the 
polysilicon film constituting the gate electrode remain, and 
thus another step for removing the residual film can be 
omitted . 

r r\ r\ A A 1 
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Moreover, the thickness of the gate oxide film on the 
formation region of the source/drain layer of high 
concentration for each MOS transistor is adjusted. 
Accordingly, the step of ion-implantation of the source/drain 
layer of high concentration for each MOS transistor can be 
performed in the same step. 
[0045] 

[Effect of the Invention] 

According to the present invention, the gate electrodes of 
the MOS transistors constituting the driver for driving liquid 
crystal can be formed of the same material. Accordingly, 
unlilce the conventional case where the gate electrodes are 
formed of different materials, the film of the different 
material constituting another gate electrode does not remain 
in the sidewall portion of the gate electrode, thus omitting 
the step of removing the residual film. 
[0046] 

Furthermore, the thicl^ness of the gate oxide film on the 
formation region of the source/drain layer of high 
concentration for each MOS transistor is adjusted. 
Accordingly, the step of ion- implantation of the source/drain 
layer of high concentration for each MOS transistor can be 
performed in the same step, so that the number of 
manufacturing steps can be reduced. 
[Brief Description of the Drawings] 

[FIG. 1] FIGs. 1(a) and 1(b) are sectional views showing a 
method of manufacturing a semiconductor device of an 
embodiment of the present invention. 

[FIG. 2] FIGs. 2(a) and 2(b) are sectional views showing the 
method of manufacturing a semiconductor device of the 
embodiment of the present invention. 

[FIG. 3] FIGs. 3(a) and 3(b) are sectional views showing the 
method of manufacturing a semiconductor device of the 
embodiment of the present invention. 
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[FIG. 4] FIGs. 4(a) and 4(b) are sectional views showing the 
method of manufacturing a semiconductor device of the 
embodiment of the present Invention. 

[FIG. 5] FIGs. 5(a) and 5(b) are sectional views showing the 
method of manufacturing a semiconductor device of the 
embodiment of the present invention. 

[FIG. 6] FIGs. 6(a) and 6(b) are sectional views showing the 
method of manufacturing a semiconductor device of the 
embodiment of the present invention. 

[FIG. 7] FIGs. 7(a) and 7(b) are sectional views showing the 
method of manufacturing a semiconductor device of the 
embodiment of the present invention. 

{FIG. 8} FIGs. 8(a) and 8(b) are sectional views showing the 
method of manufacturing a semiconductor device of the 
embodiment of the present invention. 

[FIG. 9] FIGs. 9(a) and 9(b) are sectional views showing the 
method of manufacturing a semiconductor device of the 
embodiment of the present invention. 

[FIG. 10] FIGs. 10(a) and 10(b) are sectional views showing 
the method of manufacturing a semiconductor device of the 
embodiment of the present Invention. 

[FIG. 11] FIGs. 11(a) and 11(b) are sectional views showing a 
conventional method of manufacturing a semiconductor device. 
[FIG. 12] FIGs. 12(a) and 12(b) are sectional views showing 
the conventional method of manufacturing a semiconductor 
device . 

[FIG. 13] FIG. 13 is a sectional view showing the 

conventional method of manufacturing a semiconductor device. 
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